OBJECTIVES: Gastroesophageal reflux is considered to cause sleep disturbance, whereas proton pump inhibitor (PPI) administration is reported to improve insomnia associated with gastroesophageal reflux disease (GERD). The majority of patients with gastroesophageal reflux are asymptomatic and a significant number with erosive esophagitis are also reported to be asymptomatic. We examined whether PPI administration has a therapeutic effect for improving insomnia in patients without reflux symptoms in the same manner as patients with reflux symptoms. METHODS: We performed a randomized multicenter double-blind placebo-controlled trial using 176 patients with insomnia regardless of the presence of reflux symptoms. The patients were divided into those administered omeprazole (20 mg) or a placebo for 14 days. Four self-reporting questionnaires, QOLRAD-J (Japanese translation of Quality of Life in Reflux and Dyspepsia), Pittsburg Sleep Quality Index (PSQI), Epworth Sleepiness Scale (ESS), and a sleep diary, were used for evaluating GERD-related quality of life (QOL) and sleep disturbance. RESULTS: We evaluated 171 patients with insomnia, of whom 69 had typical reflux symptoms. Omeprazole statistically significantly improved GERD-related QOL from 30.8±0.7 to 33.0±0.5 (Po0.01) (QOLRAD-J, total) and from 6.0±0.2 to 6.6±0.1 (Po0.01) (QOLRAD-J, sleep-related) when administrated to patients with reflux symptoms. Omeprazole also improved insomnia significantly better than the placebo in patients with reflux symptoms; PSQI, from 9.3 ± 0.5 to 7.9 ± 0.5 (Po0.01) and sleep diary, from 2.1 ± 0.1 to 1.8 ± 0.1 (Po0.01). On the other hand, the therapeutic effects of omeprazole and the placebo were not different in patients without reflux symptoms. CONCLUSIONS: Our results showed that PPI administration is effective only for insomnia in patients with reflux symptoms.
INTRODUCTION
Sleep disturbance is an important extraesophageal complication in patients with gastroesophageal reflux disease (GERD), and recently a close association between them has been reported by many investigators. [1] [2] [3] In an epidemiological study on GERD and sleep disorders conducted in Japan, sleep disturbance was significantly more prevalent in cases with frequent heartburn as compared with those without heartburn. 4 Jansson et al. 1 reported a positive association between GERD and the presence of insomnia, sleeplessness, and problems with falling asleep.
Many clinical studies have indicated that proton pump inhibitor (PPI) administration can improve sleep disorders associated with GERD, although the evidence presented has not always been adequate because of small sample size or inappropriate design. [5] [6] [7] [8] Various factors in addition to GERD are known to be involved in the pathogenesis of sleep disturbance, although the quantitative role of symptomatic GERD has not been fully investigated. In addition, GERD without typical reflux symptoms may have some role in sleep disturbance, as a large number of patients have endoscopy-proven asymptomatic reflux esophagitis. As silent patients with GERD frequently develop sleep disturbance, PPIs may improve that in patients with and without reflux symptoms.
We performed a multicenter randomized double-blind placebo-controlled trial of patients with primary insomnia, and with and without reflux symptoms who visited an outpatient clinic for treatment of sleep disturbance. We attempted to elucidate the percentage of patients with typical reflux symptoms among all who made a clinic visit with primary insomnia to clarify the effectiveness of PPI administration for treatment of insomnia in patients with and without reflux symptoms.
METHODS
This multicenter randomized double-blind placebo-controlled prospective study of patients with sleep disturbance was conducted from 2010 to 2012 at Shimane University Hospital, and 13 affiliated hospitals and clinics. Based on previous reports, the therapeutic effects of PPIs on sleep disturbance are assumed to occur in B70% of patients with GERD, whereas a placebo shows such an effect in B40% of patients. 9 In addition, B25% of patients with insomnia are reported to have GERD symptoms. 10, 11 Therefore, the required sample size for the present study was estimated to be a minimum of 150, based on a two-tailed test with a significance level of 0.05 and power level of 0.80.
A total of 176 patients who visited outpatient clinics for management of primary insomnia were enrolled. Patients who took hypnotics, PPIs, and/or histamine H2 receptor antagonists within 2 weeks before enrollment, those treated for mental disorders, and those with serious underlying diseases that may influence sleep quality were excluded. Women who were pregnant or had a high possibility of pregnancy, and patients allergic to omeprazole were also excluded. Written informed consent was obtained from all patients before starting the study that was carried out in accordance with the Declaration of Helsinki. This study was approved by the Ethics Committee of Shimane University on 26 April 2010 and registered in the University Hospital Medical Information Network Clinical Trials Registry (UMIN-CTR) under the number UMIN 000003626.
Background and clinical factors such as age, gender, height, body weight, body mass index, drinking, smoking, presence of typical GERD symptoms (heartburn, acid regurgitation), throat discomfort, cough, chest pain, otalgia, and asthma were recorded at the time of enrollment.
The patients were randomly assigned to two groups according to a computer-assisted prefixed order, and then one group took 20 mg of omeprazole and the other an indistinguishable placebo 30 min before dinner once a day for 2 weeks. Evening administration of omeprazole was selected in this study in order to maximize its acid suppressive effect during the nocturnal period, as we previously showed. 12 Block randomization was used in this study. One block consisted of four samples, two of which were omeprazole and the other two were a placebo. The enrolled patients and physicians were blinded by providing all study drugs as tablets with an identical appearance in sequentially numbered opaque containers. This random allocation sequence was generated by a certified pharmacist (K.N.). The patients were enrolled by the physicians who participated in this study and allocated according to the prefixed sequence. Sleep disturbance and GERD-related quality of life (QOL) were evaluated before and after 2 weeks of treatment in all patients. Compliance to the drug treatment protocol was also evaluated.
Reflux symptom-related impairment of QOL was evaluated using the QOLRAD-J (Japanese translation of Quality of Life in Reflux and Dyspepsia questionnaire). QOLRAD is a disease-specific QOL instrument that includes 25 items in 5 domains: Emotional distress, Sleep disturbance, Food/drink problems, Physical/social functioning, and Vitality. 13 The scores for each were weighted equally from 1 to 7. Scores for the 5 domains were added to obtain a total score ranging from 7 to 35, with lower scores indicating worse GERD-related QOL. In addition, the score for the ''Sleep disturbance'' domain (ranging from 1 to 7) was also calculated to evaluate specific QOL impairment related to sleep in this study. We Figure 1 Enrolled patients.
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also utilized the Epworth Sleepiness Scale (ESS) and a modified Pittsburg Sleep Quality Index (PSQI) with the assessment period changed to 1 week, whereas diary records were used for evaluation of sleep quality. The ESS is a selfadministrated questionnaire consisting of 8 self-rated items, each scored from 0 to 3, that measures sleep propensity.
14 With it, the habitual ''likelihood of dozing or falling asleep'' in common situations of daily living is measured. An ESS score ranging from 0 to 24 represents the sum of individual items, with values 410 considered to indicate significant sleepiness. 14 The modified PSQI is also a self-administrated questionnaire that evaluates subjective sleep quality over the previous week. The self-rated items of the PSQI generate 7 component scores (range of subscale scores, 0-3); sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbance, use of sleeping medication, and daytime dysfunction. The 7 component scores are added to obtain a global score ranging from 0 to 21, with higher scores indicating worse sleep quality. 15 Doi et al. 15 showed that a cutoff point of 5.5 in the Japanese version of the PSQI global score provided estimations of sensitivity and specificity of 85.7% and 86.6%, respectively, for primary insomnia. The diary record utilized was an original self-reporting tool developed by our group. Subjects evaluated sleep quality based on a 4-point Likert scale from 1 to 4 during the first 3 and final 3 days of the study period. The mean value of each 3-day period was calculated as a representative value. All investigators who participated in this study had access to the study data, and reviewed and approved the final manuscript.
Statistical analysis. The w 2 test and Student's t-test were used for comparing background factors, and a paired t-test 
RESULTS
Enrolled patients. This trial was ended in 2011, when the projected number of patients had been examined, with no adverse events reported. Originally, 176 patients were enrolled in the study, after which 1 patient was excluded because of an enrollment criteria violation, and thus a total of 175 patients were randomized into two groups to receive omeprazole or placebo. As two patients in each group were subsequently lost during the treatment period and excluded from analysis, 87 subjects in the omeprazole group and 84 in the placebo group were subjected to analysis of the therapeutic effect of PPI administration (Figure 1 ). Appropriate randomization was confirmed based on the lack of significant differences between the omeprazole and placebo groups, except for prevalence of cough ( Table 1) .
Prevalence of reflux symptoms in patients with insomnia. The patients reported various symptoms including typical reflux symptoms. Heartburn was the most frequently reported, followed by acid regurgitation, as shown in Table 1 . These are usually regarded as typical reflux symptoms, and suggest the presence of GERD with higher sensitivity and specificity. When patients who reported heartburn and/or acid regurgitation were defined as having GERD, 40.4% (69/ 171) of the present patients with insomnia were considered to have GERD.
Comparative efficacy of omeprazole and placebo for all patients. GERD-related impairment of QOL as evaluated with total QOLRAD-J score was significantly improved in the omeprazole group (3.4% improvement), but not in the placebo group (1.5%) ( Table 2) . QOLRAD-J sleep-related score was also significantly improved by the administration of omeprazole, but not by the placebo (4.7% vs. 3.1%). These results confirmed the beneficial therapeutic effect of omeprazole for treatment of GERD. On the other hand, both omeprazole and the placebo showed similar effects on sleep disturbance when evaluated by ESS, PSQI, and the sleep diary records, with no remarkable differences seen between the groups. Thus, a large placebo effect for treatment of insomnia was unintentionally confirmed. For patients with insomnia as a whole, no beneficial effect of omeprazole over that of the placebo on improvement of sleep quality was found in our study.
Stratified analysis of subjects with and without typical reflux symptoms. Our patients with insomnia were then divided into reflux symptom-positive and -negative groups, and the effect of omeprazole was separately 
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examined in them. Patients with typical reflux symptoms also more frequently had atypical reflux symptoms including throat discomfort, cough, and chest pain (Table 3 ). In addition, as expected, they had lower QOLRAD-J and GERD-related QOL scores. As for quality of sleep evaluated by PSQI, ESS, and the diary records, there was no significant difference between the reflux symptom-positive and -negative groups. In patients with reflux symptoms, omeprazole statistically significantly improved GERD-related QOL from 30.8 ± 0.7 to 33.0 ± 0.5 (Po0.01) (QOLRAD-J, total) and from 6.0 ± 0.2 to 6.6±0.1 (Po0.01) (QOLRAD-J, sleep-related). Omeprazole administration also statistically significantly improved sleep quality (PSQI 15.1%, ESS 15.9%, diary record 14.3% improvement), whereas administration of the placebo had no significant therapeutic effect (3.4%, 7.7%, and 0% respectively) (Table 4a and Figure 2 ). In contrast, in patients without reflux symptoms, there was no difference regarding the therapeutic effects of omeprazole and the placebo regarding improvement of sleep quality (PSQI 19.8% vs. 22.4%, ESS 7.7% vs. 17.3%, and diary record 13.6% vs. 9.5%; Table 4b ). The placebo effect on sleep quality was especially large in this group of patients, and both placebo and omeprazole significantly improved sleep quality in patients without reflux symptoms. In patients with only atypical reflux symptoms (n ¼ 22), there was no significant difference regarding therapeutic effect on sleep disturbance between omeprazole and placebo. When sleep quality improvement after omeprazole treatment was compared between cases with and without sleep-related QOL impairment, only those with a lower QOLRAD-J sleep-related score showed consistent improvement in sleep quality measured by PSQI and ESS.
DISCUSSION
We investigated the prevalence of reflux symptoms in patients with primary insomnia and conducted a randomized multicenter double-blind placebo-controlled trial of the effects of PPI treatment on insomnia. Our results showed that B40% of the patients with insomnia had typical reflux symptoms such as heartburn and acid regurgitation. Omeprazole was effective for improving insomnia in these patients with reflux symptoms, whereas it was not more effective than the placebo for insomnia in patients without reflux symptoms.
GERD is known to be complicated by various extraesophageal conditions including asthma, dental erosion, and insomnia, [16] [17] [18] whereas insomnia is associated with impaired health-related QOL and frequently found in elderly individuals. 19 GERD is considered to be one of the most important pathogenetic factors of insomnia 20 and has increased in importance with its recent increase in prevalence. Furthermore, GERD may prevent sleep because of unpleasant reflux symptoms. Symptomatic acid reflux may interrupt sleep and prevent falling asleep again, and thus it is easy to conclude that it can cause sleep disturbance. In the present study, we investigated the prevalence of reflux symptoms in patients with insomnia and found that as many as 40% with insomnia had typical reflux symptoms. This result suggested an important role of GERD as a possible pathogenetic factor in sleep disturbance.
The majority of gastroesophageal reflux occurrences do not cause reflux symptoms, a condition termed silent reflux. Martinez et al. 21 reported that o5% of gastroesophageal reflux events are perceived by patients with erosive as well as those with nonerosive reflux diseases. Furthermore, Lee et al. 22 found that B43% of individuals with erosive esophagitis did not have any reflux symptoms, whereas Nagahara et al. 23 reported a high prevalence of asymptomatic reflux esophagitis in patients who underwent an upper gastrointestinal endoscopy examination, especially elderly patients. In our previous study, we showed that the majority of patients with erosive esophagitis identified by endoscopy had no reflux symptoms and were considered to be silent cases. 24 Silent gastroesophageal reflux may also impair sleep quality by disturbing sound or deep sleep, even without awaking the individual. In addition, it was reported that a significant number of subjects with sleep disturbance have abnormal acid exposure despite a lack of GERD symptoms. 25 Thus, asymptomatic gastroesophageal reflux may cause sleep disturbance in the same manner as symptomatic reflux.
For treatment of insomnia, various types of hypnotics are frequently administered for therapeutic intervention that increase the depth of sleep and prevent intermittent awaking. As swallow-induced primary peristalsis can only be observed when an individual is awake, administration of hypnotics to patients with insomnia caused by gastroesophageal reflux may impair the esophageal clearance mechanism and aggravate reflux esophagitis. Indeed, Gagliardi et al. 26 recently reported risks associated with hypnotic administration in GERD patients with insomnia. Thus, hypnotics may aggravate GERD, regardless of the presence of reflux symptoms.
PPI administration is considered to be a reasonable treatment option for patients with GERD-related sleep disturbance. Several double-blind randomized studies have investigated the effectiveness of PPIs for treatment of sleep disturbance in patients with symptomatic GERD and all concluded that they improved sleep quality for symptomatic patients. 9, 27 The results of our study also confirmed that PPI administration is effective for insomnia in patients with reflux symptoms. The beneficial effect of omeprazole on sleep disturbance in patients with typical reflux symptoms was statistically confirmed not only by the sleep domain in the QOLRAD-J score but also by the PSQI sleep scale results. Changes in ESS score tended to be greater after omeprazole administration in comparison with the placebo, although the difference did not reach a statistically significant level, probably because of the limited number of subjects enrolled. It is difficult to conclude the clinical benefit of changes in sleep scores observed in this study. However, the significant improvement in sleep-related QOL scores measured by the sleep-related QOLRAD-J suggest a clinical benefit of omeprazole for individuals with sleep problems and reflux symptoms.
We consider that the lack of PPI effect for improving sleep disturbance in cases without typical reflux symptoms is an interesting finding of the present study. Based on this result, we concluded that silent gastroesophageal reflux may not be a major factor causing sleep disturbance, in contrast to reflux symptoms. Furthermore, the presence of reflux symptoms may be a good indicator for predicting a good therapeutic effect of PPI administration for sleep disturbance.
Our results showed that as many as 40% of clinical patients with insomnia also have reflux symptoms and that PPI administration is effective for improvement of insomnia only in cases with typical reflux symptoms. Nevertheless, the following should be considered as limitations of this study. First, the PPI administration period was only 2 weeks, although a longer duration may be more effective to improve sleep disturbance, even in individuals without reflux symptoms. In addition, endoscopic examinations and intraesophageal pH monitoring studies were not performed to confirm the possible presence of esophageal erosions or pathological gastroesophagal acid reflux. To clearly identify the effects of PPIs on silent reflux, asymptomatic patients with endoscopy-proven reflux esophagitis should be investigated. Finally, the frequency and intensity of reflux symptoms were not graded, and the effects of PPIs on those should be examined in the future.
In summary, we found that B40% of our clinical patients with insomnia had typical reflux symptoms. Their condition was effectively improved by administration of omeprazole, whereas patients without reflux symptoms were not improved by PPI administration.
